INTRODUCTION
larly effective as a ornamental plant [Armitage and Laushman, 2008 ]. This species is annual or herbaceous perennial, with fragrant lavender to rose-purple flowers in tight clusters located on stems with very long internodes [Grossman et al., 2014] . Purpletop vervain is an excellent landscape plant for gardens and parks. However, little is known about the response of purpletop vervain to salt stress.
The objective of this study was to investigate the effect of sodium chloride on the growth, flowering, ecophysiological parameters, visual quality relative, and nutritional status of purpletop vervain.
MATERIALS AND METHODS
The experiment was carried out in the years 2013-2014 at the West Pomeranian University of Technology in Szczecin (53° 25' N, 14° 32' E, 25 m a.s.l.). Seeds of purpletop vervain (Verbena bonariensis L.) were purchased from the W. Le Control plants were treated with tap water. The beginning of plant flowering was determined by counting the number of days from sowing to the day of opening of the first flower in inflorescence. At the beginning of flowering the ecophysiological parameters were assessed. The relative chlorophyll content was measured with the N-Tester chlorophyll meter (Yara International ASA, Oslo, Norway). The measurements included ten leaves located in the middle of a plant and three readings were taken per each leaf. Stomatal conductance was assessed with SC1 porometer (Dekagon Devices, USA). The measurements were performed only on sunny days between 10 a.m. and 12 p.m., and included six leaves per plant. The plants were cultivated under natural photoperiod until 20 August 2013 and 17 August 2014. Total plant height, number of inflorescences, fresh weight of aboveground part and visual plant quality (on a rating scale 1-5, where 5 was the best ornamental value, and 1 was poor ornamental value) were estimated on the last day of the cultivation. The collected leaves were dried, ground and sent to an accredited laboratory of the Chemical and Agricultural Station in Szczecin for determination of nutrient content according to standard methods [Ostrowska et al., 1991] .
Each treatment was replicated four times and each replicated included 10 plants. The pots were arranged in a completely randomized design. The mean values were calculated using the analysis of variance ANOVA using the Statistica 10.0 software (Statsoft, Poland), and the significance of differences between means was tested using Duncan's multiple range test at a P ≤ 0.05.
RESULTS AND DISCUSSION
Statistical analysis of the results showed that NaCl treatment reduced plant height, compared with the control by 6% in the first and 16% in the second year of the study (Table 1) . Measurements of plants indicated that the fresh weight of aboveground part was decreased under saline irrigation in both seasons. In comparison with the control, NaCl treatment was reduced fresh weight of plants by 10 . For ornamental plants, being compact and free foliar damage is more significant than maximum growth [Niu et al. 2013] . Therefore, sodium chloride may have a potential benefit of acting as a growth retardant [Lee and Iersel 2008] .
Salinity effect on the number of inflorescences per plant varied with years of experiment ( Table 1 In 2014, the negative effects of salt on the ecophysiological parameters were observed. The stomatal conductance ranged from 96. ter ranged from 394 in the control to 374 in the NaCl treatment. However, salinity had no effect on specified parameters in the first year of experiment (Table 1) . These results may indicate that in each year there were different environmental conditions of experiment. In addition to being species specific, salt tolerance of ornamental plants The days to flowering ranged between 114 and 124, and the time was not affected by salinity (Table 1) Table 1) . The visual quality of plants under salt stress was slightly decreased, with a rating of 4.70 points in 2013 and 4.13 points in 2014, which were considered acceptable for landscape.
Concentration of phosphorus, potassium, magnesium, copper, zinc and iron in leaves remained unaffected by the addition of NaCl ( Table  2) . Sodium as well as chloride content were increased in leaves of plants on exposure to salinity stress in both years of experiment. Analysis of the mineral composition of the plants grown under saline conditions help to understand the mechanism of salinity tolerance [Niu et al., 2013] . Numerous studies have demonstrated that the excessive accumulation of ions, especially sodium and chloride may limit the uptake of other ions [Wrochna et . NaCl treatment induced a significant increase in leaf manganese concentration, in comparison with the control by 6% in 2013 and 8% in 2014 (Table 2) . Increased manganese leaf content under salt stress was also reported in Ziziphus mauritiana [Bhatt et al., 2008 ] Chrysanthemum morifolium 'Yellow Blush' [Lee and van Iersel, 2008] and Plectranthus ciliatus [Salachna et al., 2015] . Manganese is an essential trace element for plants and it is an activator of a number of different enzymes in plant systems, mostly in oxidation, reduction, decarboxylation and hydrolytic reactions [Marschner, 1995] . Shahi and Srivastava [2016] demonstrated that foliar spraying with manganese has a crucial role for increasing tolerance of mungbean plants to salinity stress. Increased manganese concentration in leaves of purpletop vervain treated NaCl may be due to a participation of this nutrient in the process of adaptation to salt stress condition.
CONCLUSION
This study has demonstrated that salinity stress slightly reduced plant height, weight of the aboveground part and visual score in purpletop vervain. Moreover, the leaves of salt-exposed plants contained more sodium, chlorine and manganese. Salinity had no effect on earliness of flowering and content in leaves of phosphorus, potassium, magnesium, copper, zinc and iron. Purpletop vervain seems to be plant species tolerant to salinity and may be uses in urban landscape exposed to salt stress. 
